Abstract. The breeding bird communities of 18 mires and surrounding forests in southeastern Norway were censused in 1976-77 and in 2015. We found that 53% of the mire species with sufficient data for analyses showed significant changes. Red-throated Diver Gavia stellata, Common Crane Grus grus, Wood Sandpiper Tringa glareola and Tree Pipit Anthus trivialis increased, whereas Northern Lapwing Vanellus vanellus, Black-headed Gull Chroicocephalus ridibundus, Meadow Pipit Anthus pratensis and Yellow Wagtail Motacilla flava decreased. There were also near significant decreases of Eurasian Curlew Numenius arquata and Eurasian Skylark Alauda arvensis. Population changes did not differ between short-and long-distance migrants. Species with marginal populations on mires declined more than mire specialist species, suggesting an indirect negative influence of problems in other habitats. Overall, there was a significant 19% decline in number of mire species, but a non-significant 7% increase in number of individuals. The bird community in the forests surrounding the mires showed significant population changes for 42% of the species with sufficient data for analyses, with increases in many resident forest species, but less so for migrants. Overall, there was a near significant 12% increase in number of forest species, and a significant 28% increase in number of individuals. Mire-and forest-associated species did not differ in population trends. Among short-distance migrants (mire and forest species combined), species wintering in agricultural habitats had more negative population changes than species wintering in other habitats. Thus, the breeding bird community on and around mires in this part of Norway has undergone large changes during the last 40 years. We discuss our results in relation to general trends of bird communities in northern Europe.
INTRODUCTION
A large proportion of bird species in Europe are experiencing population declines due to human activities and environmental change. Long-distance migrants, northern boreal species and species breeding in agricultural areas are often regarded as being hit more than other species (Fuller et al. 1995 , Donald et al. 2001 , Sanderson et al. 2006 , Laaksonen & Lehikoinen 2013 , Vickery et al. 2014 , but recent studies have also documented large declines among common species in general (Inger et al. 2015) . Knowledge of population trends of individual species and for bird communities in specific habitats is important for management and conservation of biodiversity. Studies of bird population changes in Norway have so far focused in particular on seabirds (Fauchald et al. 2015) , montane habitats (Byrkjedal & Kålås 2012 , Lehikoinen et al. 2014 , or general surveys of mainly terrestrial species (Husby & Stueflotten 2009 . However, population changes of birds in some other habitats have not been studied well, and here we focus on the bird community of lowland mires (bogs) in southeastern Norway for which there have been no comprehensive studies. Mires in southern Scandinavia support important populations of many wetland bird species (Arvidsson et al. 1992) .
A representative sample of mires (n = 19) in southeastern Norway was censused in 1976-77 (Hardeng 2014, G. Hardeng unpublished material) . Nearly all of the mires are still intact today (n = 18), partly because many became protected as nature reserves (n = 15). Thus, this sample can provide information on population changes that are not due to human-caused habitat loss or habitat change in the breeding areas. We recensused the mires in 2015 and analysed population changes of individual species and for the whole bird community. Because long-distance migrants are declining, we also compared groups of species with different migratory strategies. Furthermore, both in 1976-77 and 2015 birds in the forests surrounding the mires were recorded. We analysed changes in the forest bird community and compared population changes of species in forest to those of species in mire habitat. Finally, because birds in agricultural areas in Europe are declining, we compared population changes of short-distance migrants wintering in agricultural habitats to those of species wintering in other habitats (wetland, forest).
METHODS

Study area
Nineteen mires in Østfold (n = 11), Akershus (n = 6) and Hedmark (n = 2) counties in southeastern Norway were censused during 1976-77. One mire in Østfold has later been destroyed, whereas the remaining 18 mires are still intact and were recensused in 2015 (15 Dale & Hardeng have become nature reserves; Figure 1 , Appendix 1). The mires are located in the boreo-nemoral zone (n = 5) and the southern boreal zone (n = 13), and were selected to provide a representative sample of intact mires spanning different elevations (range 45-420 m a.s.l., median 165 m a.s.l.; Appendix 1), sizes (range 4.3-63.5 ha, median 21.6 ha; Appendix 1), regions having both high and low proportion of mires in the landscape, and different mire types. Mires varied from dry to wet (13 had at least small ponds), and some had patches of forest. Mire vegetation types varied from ombrotrophic bog to poor and intermediate fen (types J, K and L in the Norwegian vegetation classification system; Fremstad 1997) . Most of the sites were mixed mires, but with dominance of ombrotrophic vegetation types. The total area censused on the 18 mires was 534 ha. The distances between neighbouring bogs were at least 10.0 km.
Mires were generally surrounded by boreal forest dominated by Norway spruce Picea abies, Scots pine Pinus sylvestris and downy birch Betula pubescens. Except for small areas of forest bordering the bogs, most of the surrounding forests were not under protection and were generally managed for timber production so that habitat conditions may have changed between 1976-77 and 2015. We use the term 'site' when referring to one mire and the forest surrounding that mire.
Censuses
Censuses were done by walking slowly along lines set out to cover all parts of the mires. For smaller sites census lines crossed or circled mires, for larger sites census lines could follow zig-zag lines to ensure that no parts of mires were > 100 m from the census lines (see Hardeng 2014 for map of census lines on two of the mires). Censuses usually started around sunrise and lasted 40-305 min (median 123 min). Median start time (Norwegian summer time) was 04.45 h and median end time was 06.45 h (latest 10.15 h). Time spent censusing increased with size of mire (1976-77: r s = 0.75, p = 0.002; 2015: r s = 0.80, p = 0.001). All censuses were done in favourable weather during the peak of the breeding season (see further below). During censuses all birds observed on mires were recorded and their positions and behaviour were noted on maps. Particular care was taken to distinguish between multiple territories of the same species and multiple observations of the same individuals.
In addition to the main focus on the bird community on the mires, all birds heard or seen in the forests surrounding the mires when walking census lines on the mires were noted without any distance limitations. Limitless census of forest species may bias their relative abundance so that less vocal and less active species are undersampled. However, this should not affect the main purpose of our study, which was to assess changes in relative abundance within species between the two census periods (see further in the Discussion). However, our data on total abundance of forest birds (total number of individuals summed across species) should be taken as a gross estimate because the data represent the more vocal and active species subset of the bird community.
The time spent censusing mires was shorter in 2015 than in 1976 -77 (mean ± SE in 1976 -77: 148 ± 17 min, 2015 107 ± 12 min; paired t-test, t = 3.17, df = 17, p = 0.006). One could argue that this might have created a bias so that species and individuals were missed to some degree in 2015. However, we note that the number of individuals observed was actually higher in 2015 (see Results) , and the number of species observed was lower in only one of the habitats (mire, see Results). Importantly, there were no relationships indicating that the difference in number of species and individuals observed between 1976-77 and 2015 was related to the difference in time spent censusing (time difference varied between 135 min less to 50 min more in 2015; Pearson correlation analyses: time difference versus difference in number of mire species: r = 0.13, p = 0.62; time difference versus difference in number of mire individuals: r = 0.18, p = 0.49; time difference versus difference in number of forest species: r = 0.27, p = 0.27; time difference versus difference in number of forest individuals: r = 0.13, p = 0.60). Thus, we conclude that difference in census time did not have major influence on number of species or individuals observed. In all censuses, we spent a reasonable amount of time on the mires in order to detect species and individuals present. Note also that for 12 out of the 18 mires, the the time spent censusing per ha was higher in 2015 than the lower value for 1976-77, indicating a considerable overlap in census effort between the two time periods.
Bird censuses done in 2015 (one per site) were compared to censuses done during 1976-77. During 1976-77, each site was originally censused 2-7 times (two censuses: n = 2; three censuses: n = 13; four censuses: n = 1; seven censuses: n = 2; total 61 censuses). For comparisons we selected one census per site from 1976-77 on the basis of the timing of the censuses. First, we excluded all censuses from 1976-77 that were made before the first census made in 2015 (20 May, n = 8). Next, we excluded censuses made after 10 June (n = 27) because the last census in 2015 was made 4 June and because after 10 June would be considered late in the breeding season even in 1976-77. For sites that had ≥ 2 censuses remaining (n = 6), we considered that effects of climate change (earlier arrival to breeding areas and earlier breeding: e.g. Crick & Sparks 1999 , Walther et al. 2002 would make comparisons using a later census from 1976-77 than from 2015 most relevant. Thus, we excluded censuses made earlier in 1976-77 than the corresponding census in 2015 (n = 5). Finally, for the two sites that had ≥ 2 censuses remaining we chose the one that matched most closely the deviance in date between 1976-77 and 2015 for the other sites (censuses were done a median of 9 days earlier in 2015 than in 1976-77: median dates 26 May versus 3 June).
All censuses in 1976-77 were done by GH, whereas censuses in 2015 were done by GH (n = 6) and SD (n = 12). We did not find any evidence that changes in the bird community from 1976-77 to 2015 depended on who did censuses in 2015 (changes in number of mire species: unpaired t-test: t = 0.00, p = 1.00, changes in number of mire individuals: t = 0.90, p = 0.38, changes in number of forest species: t = 1.02, p = 0.32, changes in number of forest individuals: t = 1.56, p = 0.14). Thus, observer identity was not included in analyses of data, in line with results from Enemar et al. (1978) .
Mire and forest species
Mire species (n = 29) were species that were observed on the mires and that used mires during the breeding season for nesting, feeding or lekking. Most species used mires for both nesting and feeding, whereas Black Grouse used mires mainly for lekking. For some species (e.g. some ducks, Common Redshank Tringa totanus, Red-throated Pipit Anthus cervinus, Northern Wheatear Oenanthe oenanthe, Great Grey Shrike Lanius excubitor, breeding on the mires was uncertain, and observed individuals may have been non-breeders. Forest species (n = 54) were all other bird species seen or heard in the forests surrounding the mires, both territorial and overflying individuals. This also included a few species that breed neither in the forest nor on the mires (e.g. Barn Swallow Hirundo rustica). See Appendix 2 for classification of mire and forest species.
Migratory status
Mire and forest species observed in ≥ 3 sites (n = 57) were classified into three groups according to migratory status: residents (n = 16) were species wintering in or close to study sites, short-distance migrants (n = 26) were species wintering within Europe, whereas longdistance migrants (n = 15) were species wintering predominantly in Africa (based on Cramp et al. 1977 -94, Dale et al. 2001 ; see also Appendix 2). Among mire species, there was only one species that was classified as resident (Black Grouse Tetrao tetrix). Thus, analyses of migratory status for mire species compared only short-distance migrants with long-distance migrants, whereas analyses of forest species compared all three groups of species.
Winter habitat
The winter habitat of short-distance migrants (both mire and forest species) was classified as wetland (n = 5), agricultural areas (n = 13; including species that use this habitat commonly during winter, although other habitats may also be used) or forest (n = 8; including other terrestrial habitats with cover; see Appendix 2) according to Birds of the Western Palearctic (Cramp et al. 1977-94) and Wilson et al. (1996) . Species wintering in agricultural areas were compared to species wintering in other habitats (wetland and forest combined).
Importance of mires as breeding habitat
To test whether population change was associated with how important mires were as breeding habitat for individual species, we used data from Arvidsson et al. (1992;  Table 2 ) who presented estimates of how large proportion of the total Swedish population of some wetland species used mires as breeding habitat.
Statistical analyses
Based on the field data, the total number of territories (singing males or other forms of territoriality) or pairs of each species in each site was determined. However, for some species we regarded it difficult to assess territories or pairs based on the field observations, and instead we chose to use number of individuals observed in analyses. This was the case in particular for ducks, gulls and some passerines (e.g. swallows, corvids and some finches that were usually seen overflying), see Table 1 and 2 for unit used for each species. Changes in abundance of individual species were compared with Wilcoxon signed-ranks tests of the changes in numbers within each site between 1976-77 and 2015 (see Appendix 3 for a comparison of the performance of three alternative tests of changes in abundance). Tests were possible for all species with a population change in ≥ 4 sites. Changes for individual species were considered significant when p ≤ 0.05, and near significant when 0.10 > p > 0.05. Tests were made for 15 mire species and 33 forest species. In cross-species analyses of population changes in relation to ecological variables (migration, habitat; see below) a larger set of species was used, including all species that had been recorded in ≥ 3 sites (both census periods combined; 20 mire species and 37 forest species). Analyses of population changes were made using 1) relative change in abundance (numbers in 2015 as percentage of numbers in 1976-77), or 2) categorical classification of species as decreasing (> 50% decrease in abundance), stable (≤ 50% population change), or increasing (> Dale & Hardeng 50% increase in abundance).
Our estimates of population changes were based on censuses done at two time periods 40 years apart.
To assess to what degree they were likely to represent long-term trends, and not just year-to-year variation in population size, we made comparisons with population changes in consecutive years (within 1975-77 (Geir Hardeng, unpublished data) and between 2014 (Hardeng 2014 ) and 2015 (this study), see further in Appendix 4).
Changes in number of species within each site between 1976-77 and 2015 were compared with paired t-tests. For analyses of changes in abundance (total number of individuals recorded) in each habitat (mire, forest or both combined), we calculated the total number of individuals observed in each site as the sum of number of territories/pairs (for species reported with unit = 1 in Table 1 and 2) multiplied with two, plus the number of individuals (for species reported with unit = 2 in the same tables). Changes in total abundance of all species were analysed with paired t-tests.
The relationships between migratory status (resident, short distance migrant, long-distance migrant) and population changes (decreasing, stable, increasing) were analysed with Fisher exact tests or chi-square tests (2x3 for mire species, 3x3 for forest species and all species combined). Tests included species that were present in ≥ 3 sites. For forest species and all species combined, we also combined short-and long-distance migrants in order to compare residents with all migrants. The relationships between migratory status and changes in abundance (% population change) were analysed with Mann-Whitney U-tests (mires) or Kruskal-Wallis tests (surrounding forests and all species combined). Tests included species that were recorded in ≥ 3 sites. Similarly, comparisons of mire and forest species were done with chi-square test (population change scored as decreasing, stable, increasing) and Mann-Whitney U-test (change in abundance), and analyses of winter habitat (agricultural areas versus other habitats) were done with Fisher exact test (population change scored as decreasing, stable, increasing) and Mann-Whitney U-test (change in abundance).
RESULTS
Mires
We found significant population changes in 8 out of 15 bird species that had sufficient data for analyses (53%, Table 1 ). Four species had significant increases ( (-26%) and Whinchat Saxicola rubetra (+45%). Overall, there was a significant 19% decline in mean number of species on each mire (paired t-test: t = 3.17, df = 17, p = 0.0055; Figure 2 ), but a non-significant 7% increase in mean number of individuals on each mire (t = 0.95, df = 17, p = 0.35; Figure 2 ).
There was no difference between short-distance and long-distance migrants in number of species showing positive or negative population changes (Fisher exact 2x3 test: p = 1.00; including all species recorded in ≥ 3 sites; Figure 3 ). Short-distance and long-distance migrants did not differ significantly with respect to changes in abundance (13 short-distance migrants had a median of 26% decrease, 6 long-distance migrants had a median of 13% decrease; Mann-Whitney U-test: z = 0.53, p = 0.60; including all species recorded in ≥ 3 sites).
Surrounding forests
There were significant population changes in 14 out of 33 bird species for which we had sufficient data for analyses (42%, Table 2 ). There were nearly significant changes in a further five species (Table 2 ). In total, there were eight species with negative changes and 11 species with positive changes (Table 2) . Overall, there was a non-significant 12% increase in number of species in forests around each mire (paired t-test: t = 1.26, df = 17, p = 0.23; Figure 2) , and a significant 28% increase in number of individuals in forests around each mire (t = 2.36, df = 17, p = 0.031; Figure 2 ). Comparing species with different migratory strategies, we found that only one resident species showed a population decrease and that only two longdistance migrants showed population increases, but this pattern was not significant (Fisher exact 3x3 test: p = 0.14; including all species recorded in ≥ 3 sites; Figure 4 ). There was no overall difference in changes in abundance in relation to migratory strategy (KruskalWallis test: H = 3.46, n = 37, p = 0.18; including all species recorded in ≥ 3 sites). Comparing resident species with short-and long-distance migrants combined, there was a non-significant trend that residents had more positive changes in abundance than migrants (15 resident species had a median of 75% increase, 22 migrants had a median decrease of 3%; Mann-Whitney U-test: z = 1.59, p = 0.11).
Mire species versus forest species
Mire-associated and forest-associated species did not differ in population changes (mire species (n = 20): 8 declined, 4 were stable, 8 increased; forest species (n = 37): 9 declined, 12 were stable, 16 increased; χ 2 = 1.82, df = 2, p = 0.40; including all species recorded in ≥ 3 sites). Further, mire and forest species showed similar changes in abundance (20 mire species had a median of Dale & Hardeng 3 +/-: significant increase/decrease; +/-: near significant increase/decrease; 0: stable; (+)/(0)/(-): change for other species used in cross-species analyses (species which had non-significant tests, or too few sites for statistical testing, but occurred in ≥ 3 sites). Change was classified as decreasing (> 50% decrease in abundance), stable (≤ 50% population change), or increasing (> 50% increase in abundance). 10% increase, 37 forest species had a median of 22% increase; Mann-Whitney U-test: z = 0.71, p = 0.48; including all species recorded in ≥ 3 sites).
Migration strategy
Combining mire and forest species showed a pattern that resident species had more positive changes than short-and long-distance migrants (Fisher exact 3x3 test: p = 0.10). The contrast was significant when resident species were compared to all migrant species (resident species (n = 16): 1 declined, 6 were stable, 9 increased; migratory species (n = 41): 16 declined, 10 were stable, 15 increased; Fisher exact 2x3 test: p = 0.039). Similarly, changes in abundance were nearly significantly related to migratory status, with residents having generally more positive changes than shortand long-distance migrants (Kruskal-Wallis test: H = 5.23, n = 57, p = 0.07). Changes in abundance were significantly related to migratory status when comparing residents with all migrants (16 resident species had a median of 88% increase whereas 41 migratory species had a median of 9% decrease; Mann-Whitney U-test: z = 2.03, p = 0.043).
Wintering habitat
Among short-distance migrants, there was a nonsignificant trend that species wintering in agricultural areas had decreasing populations (7 out of 13 species) more often than species wintering in other habitats (3 out of 13 species wintering in wetland or forest; Fisher exact 2x3 test: p = 0.13). Species wintering in agricultural areas had significantly more negative changes in abundance than species wintering in other habitats (13 species wintering in agricultural areas had a median of 53% decrease, 13 species wintering in other habitats had a median of 100% increase; MannWhitney U-test: z = -2.08, p = 0.038).
Importance of mires as breeding habitat
For mire species, there was a positive correlation between changes in abundance and the proportion of the Swedish population that used mires as breeding habitat (r S = 0.65, n = 16, p = 0.012; Figure 5 ).
DISCUSSION
Mire species
Overall, we found a 19% decline in number of bird species on the 18 mires during the last 40 years. On average, the number of species on each mire declined from 7.2 to 5.8. The decline in species numbers was due to large declines of at least six species (Northern Lapwing, Eurasian Curlew, Black-headed Gull, Eurasian Skylark, Meadow Pipit and Yellow Wagtail), of which two disappeared completely (Black-headed Gull, Eurasian Skylark). Northern Lapwing disappeared from 7 out of 9 previously used mires, Eurasian Curlew from 5 out of 8 mires, Meadow Pipit from 8 out of 11 mires and Yellow Wagtail from 4 out of 7 mires. Negative trends for many of these species have also been noted in previous studies in other habitats or in large-scale population monitoring ( Kålås et al. 2014) . Our study had limited data on some other species so that statistical tests were not possible, but we note that also the Common Sandpiper Actitis hypoleucos and the Common Snipe Gallinago gallinago appeared to have become extinct at the study sites in 2015.
On the other hand, we also found major increases for at least four species. For two of these species (Redthroated Diver and Common Crane), increases have also been reported previously (Fredriksen et al. 2011, Green Dale & Hardeng Figure 5 . Relationship between population change (change in abundance between 1976-77 and 2015) of 15 bird species on mires in southeastern Norway, and importance of mires as breeding habitat (proportion of Swedish population breeding on mires taken from Arvidsson et al. 1992 ). The figure excludes one data point with 'infinite' increase (common teal increased from 0 to 8 individuals in Norway, and had 26% of population on mires in Sweden). . We also note that the well-known increase of Whooper Swans Cygnus cygnus in Scandinavia , Nilsson 2014 , Shimmings & Øien 2015 had led to colonization of mires in our study area as well (though only present in two sites so far). However, for the other two species with significant population increase (Wood Sandpiper and Tree Pipit), similar changes have not been seen in general surveys at larger spatial scales . This indicates that there may be spatial variation in population trends in some species with changes in our study area differing from nation-wide trends. One could argue that increases of some mire species in our study sites (mostly protected areas) may have been due to immigration from mires that have been drained or destroyed for other reasons. However, it appears unlikely that draining of mires should lead to long-term population increases on undrained mires up to 40 years later. We think it is more likely that habitat loss simply leads to a reduction of population size. Furthermore, to our knowledge relatively few open mires have been drained in our study area during this 40-year period. Overall, the bird community on the mires in southeastern Norway has shown a considerable turnover during the last fourty years. However, this is unlikely to represent natural variations because many of the largest population changes may be linked to human activities (e.g. Donald et al. 2001 , Prange 2005 , Breistøl & Helberg 2012 , Heggøy & Øien 2014 . Given steadily increasing human pressure on wildlife in Europe and Africa, we predict that species diversity on mires in the study area may continue to decrease despite the fact that most of the mires are nature reserves and have changed little during the last 40 years. We suggest two mechanisms for population change in these pristine breeding areas: 1) most of the mire species are migratory and may be negatively affected by human activities in the wintering areas, or 2) populations on mires are part of larger metapopulations so that population declines in other breeding habitats may affect populations on mires through reduced immigration. We discuss evidence for these two ideas below (sections Migration and winter habitat and Marginal populations).
Forest species
During censusing of mires, birds in the surrounding forests were also recorded both in 1976-77 and 2015. Censusing forest species while observers stay on mires obviously has some disadvantages, in particular that detectability is biased towards species that vocalize prominently or frequently fly above trees. Thus, species that rarely vocalize or expose themselves (e.g. Capercaillie Tetrao urogallus and Hazel Hen Tetrastes bonasia) will be strongly underrecorded. However, for the species that are easily detected if present (e.g. Common Cuckoos Cuculus canorus and many migratory passerines with high song rates), comparisons of population change within species should not affected by the biases mentioned above because the same method was employed in both census periods. Thus, we argue that our data for many forest species may provide a reasonable estimate of population change.
We found large changes for many of the species recorded. Many of the changes were consistent with results from general surveys of long-term population changes in terrestrial birds ) and may be linked to general patterns, e.g. related to migratory strategies (see further below). However, for some species we consider that our data represent short-term, cyclic changes (Eurasian Siskin Spinus spinus and crossbills Loxia spp.) because 2015 was a major masting year for spruce in the study area. It should also be noted that our data were limited for some species, so that statistical testing of population changes was not possible, and that we classified species with ≤ 50% population change as stable. Thus, it is possible that a number of other species in reality also had important population changes (e.g. Eurasian Wryneck Jynx torquilla, Wood Lark Lullula arborea, Common Redstart Phoenicurus phoenicurus, see Table 2 ).
Overall, there were trends that species numbers and abundance of forest birds had increased. However, mire and forest species did not differ in population changes in general. Our data on total abundance of forest birds is biased towards species with high detectability (cf. Methods and above). Despite this, our data corresponded well with quantitative point count data in forests in Oslo and Akershus counties (Haavik & Dale 2012 ; partly overlapping geographical extent of study area with present study). The relative abundance of species was strongly correlated between the two studies (analysis using all species (n = 45) recorded by Haavik and Dale (2012 ; Table 1 ); mire data from 1976-77: r S = 0.53, p = 0.0005; mire data from 2015: r S = 0.65, p < 0.0001). The main difference was that three low-density species recorded by Haavik and Dale (2012) were not recorded in the present study (Capercaillie, Woodcock Scolopax rusticola, Threetoed Woodpecker Picoides tridactylus). These species constituted only 0.5% of total abundance in the study by Haavik and Dale (2012) . We therefore regard our data as a reasonable estimate of general abundance of forest species around the 18 mires.
Migration and winter habitat
Similar to previous studies (Sanderson et al. 2006 , Laaksonen & Lehikoinen 2013 , we found that resident species had more favourable population changes than long-distance migrants. However, contrary to those Wagtail which in Norway are predominantly mountain species). Population declines are often first seen at the edge of distribution areas and in marginal areas (Dale 2001 , Dale & Hansen 2013 . Thus, declines in marginal populations of such species may act as warning signals that their overall populations are subject to negative impacts. Interestingly, among mire species in our study population change (abundance) was positively correlated with the proportion of the Swedish population that breed on mires (Arvidsson et al. 1992) . Thus, specialist mire species have generally increased, whereas species with mires as a marginal habitat have generally declined. Similar to our findings that short-distance migrants wintering in agricultural areas have declined, the main breeding habitat for some marginal and declining species on and around the mires is actually agricultural areas (e.g. Northern Lapwing, Eurasian Skylark and Yellowhammer Emberiza citrinella). This indicates that some species breeding on mires and around may be affected by declines of conspecific populations in other habitats, most likely due to reduced immigration.
Conclusions
This study has shown that the bird community on mires and in the surrounding forests in the lowlands of southeastern Norway has changed dramatically during the last 40 years. Twenty-two out of 48 species (46%) with sufficient data for statistical testing showed significant population changes. Although there was an overall decline in species number on mires, there was an equal number of species showing statistically significant declines (n = 11) or increases (n = 11) when combining mire and forest species. Population changes could be linked to migratory strategies and suggest that short-distance migrants wintering in agricultural areas have unfavourable trends. These species are therefore of particular conservation concern. Our results thereby also differ from many previous studies that have highlighted long-distance migrants as having strongest declines. In our study, short-distance migrants appeared to fare just as poorly, and only resident species seem to do well. Our results also indicated that species on mires that had another habitat as main breeding habitat, had more negative population trends than mire specialists. This indicates that problems in agricultural areas may have a two-fold influence on the bird community on mires, both through adverse effects in wintering areas in Europe, and through population declines of species breeding mainly in agricultural areas, which reduces immigration into their marginal populations on mires. previous studies, we also found that short-distance migrants were more similar to long-distance migrants than to residents. In our sample of species, shortdistance migrants constituted 10 out of 17 declining species (7 out of 11 among species with significant declines as indicated by the Wilcoxon signed-ranks tests). We suggest that this may be related to the fact that many of the declining short-distance migrants wintered in agricultural areas (e.g. Northern Lapwing, Eurasian Skylark, Meadow Pipit, Yellowhammer). On the other hand, among short-distance migrants with stable or increasing populations, only a few wintered in agricultural areas. Thus, the general problems affecting birds in agricultural areas in Europe (Donald et al. 2001 , Laaksonen & Lehikoinen 2013 ) also appear to have consequences for birds breeding in other habitats in seemingly pristine environments such as the mire nature reserves in our study, through carry-over effects from the wintering areas.
Among long-distance migrants, we found that some species had declined (Yellow Wagtail, Lesser Whitethroat Sylvia curruca, Red-backed Shrike Lanius collurio) as also indicated by previous studies. However, as mentioned above, we found an increase for the Tree Pipit. Furthermore, contrary to previous studies that have reported a decline of the Common Cuckoo , Moksnes 2014 , our data did not reveal a long-term decline despite reasonable numbers observed. Mires in southeastern Norway hold an important part of the population of cuckoos, whereas previous data for the cuckoo from Norway have been dominated by the montane part of the population . Thus, our data may be more similar to Swedish data, which indicate a small increase in recent years . This is another example suggesting spatial variation in population trend. We suggest that different population trends of cuckoo populations may be linked to different population trends of their hosts. In our study area, the Tree Pipit is probably a major host (S. Dale, personal observations), and this species showed a population increase. On the other hand, in mountain areas some common hosts are declining (e.g. Meadow Pipit; Lehikonen et al. 2014) .
Marginal populations
One striking aspect of the present study was that many species having mires or their surroundings as a marginal breeding habitat (i.e. the major part of the population breeds in another habitat; Arvidsson et al. 1992 ) have declined. Examples include Northern Lapwing, Blackheaded Gull, Eurasian Skylark, Fieldfare Turdus pilaris, and Yellowhammer. Furthermore, others have these mires as an outpost separated from the main distribution areas (e.g. Meadow Pipit and Yellow
